This study was designed for simultaneous determination of 13 chemical marker compounds, namely, protocatechuic acid, chlorogenic acid, caffeic acid, liquiritin, hesperidin, apigetrin, rosmarinic acid, oxypeucedanin hydrate, byakangelicin, apigenin, glycyrrhizin, nobiletin, and 6-gingerol in Gwakhyangjeonggi-san (GJS: Huoxiang-zhengqi-san in Chinese). A quantitative analytical method was developed based on HPLC-PDA with validation in terms of precision, accuracy, and repeatability, and successfully employed for quality evaluation of GJS samples with the help of chemometric techniques such as principal component analysis (PCA) and hierarchical clustering analysis (HCA). The correlation coefficient for the linear regression was > 0.9994. The intra-day and inter-day precision was < 3.0% of the relative standard deviation (RSD) value, and the recovery was in the range 92.5-107.0%, with RSD values < 4.0%, and the repeatability was < 3.0% of RSD. Variations in the quantity were observed in GJS products from different origins, which were classified by PCA and HCA. The quantitative and chemometric analyses indicate the necessity for consistency in GJS production for the purpose of quality control.
In recent years, analytical methods have been developed and applied to quality control of herbal medicines and herbal formulas because the chemical consistency is recognized as an important factor for the quality of herbal medicine. The high-performance liquid chromatography-photodiode array detector (HPLC-PDA) method has been employed for quality evaluation of herbal formulas up to now because of its simple, sensitive, inexpensive, and easy properties [4] [5] [6] . Moreover, quantitative analysis using the HPLC method and chemometric statistics have been widely accepted for the quality evaluation of herbal medicines [7, 8] . Chemometric statistical analyses, such as principal component analysis (PCA) and hierarchical clustering analysis (HCA), are potent tools for the discrimination of herbal medicines and are often applied in combination with the results obtained from the HPLC-UV or HPLC-MS methods [9, 10] .
Previous studies have demonstrated the determination of chemical compounds in GJS using instrumental analysis and chemometrics for quality assurance, such as honokiol and magnolol using HPLC [11, 12] and capillary electrophoresis [13] , and liquiritin, naringin, hesperidin, thymol, imperatorin, honokiol, isoimperatorin, and magnolol using HPLC [14] with a validated method. Moreover, profiling of the complex chemical mixture of GJS was performed using HPLC with the aid of chemometrics [15] . However, there was a limitation on the kinds of analyzed chemical components or a lack of validated methods for the quantification of components in GJS samples from different manufacturers.
In the present study, we developed a validated method for the simultaneous determination and quantification of 13 marker compounds in GJS preparations (laboratory-produced water extract and commercial granules) using HPLC-PDA. Quantitative analysis was applied to the classification of the GJS samples with the help of chemometric analysis techniques such as PCA and HCA for quality assessment. Eight levels of diluted working solution were analyzed to construct calibration curves. The coefficient of determination (r 2 ) of compounds ranged from 0.9995 to 1.0000, which means that the calibration curves showed good linearity. The limit of detection (LOD) and the limit of quantification (LOQ) values, the minimum concentration of each compound measured at signal-to-noise ratios of 3 and 10, respectively, were 0.02-2.11 g/mL for LOD and 0.06-7.34 g/mL for LOQ (Table 2 ). Using the methods described above, all the marker compounds in GJS were well separated and selective without any interference from adjacent components on the chromatograms at their maximum absorption wavelengths ( Figure 1 ). The intra-day and inter-day precisions of the 13 marker compounds were represented as RSD values, which were calculated as the percentage of the standard deviation divided by the mean value. The intra-day precision ranged from 0.05% to 2.77% with the accuracy from 92.6% to 108.1% and inter-day precision ranged from 0.03% to 1.92% with an accuracy from 93.8% to 108.1% ( Table 3 ). The recoveries of the 13 marker compounds were in the range 92.5-107.0%, with RSD values < 4.0%, and the repeatability of each compound was less than 3.0% of the RSD values (Table 4 ). These results indicate that the established analytical methods were precise, accurate, and reliable for the simultaneous determination and quantification of the 13 chemical compounds in GJS.
The validated analytical method was successfully applied to the quantification of seven GJS samples (a water extract produced in the laboratory and six commercial GJS granules). As shown in Table 5 , there was remarkable variation in the contents of the marker compounds among GJS samples. All 13 marker compounds were quantitatively determined in GJS water extract produced in the laboratory (GJS01), in which hesperidin and glycyrrhizin were the most abundant, followed by liquiritin and 6-gingerol, while nobiletin was observed at a lower level followed by apigetrin and apigenin. In contrast, the amounts of all compounds in commercial GJS granules were detected at lower levels than those in GJS01, while nobiletin and 6-gingerol were not even detected in the commercial GJS granules. Apigetrin, which was not detected in sample GJS07, was detected in GJS02-06 at trace levels, but not quantified because the amount was below the LOQ. Moreover, the amount of liquiritin was below the LOQ. Apigenin in sample GJS05 and caffeic acid in sample GJS06 were not detected.
Differentiation among the GJS samples was investigated using PCA and HCA, which were based on the rows (GJS samples) and columns (marker compounds). In PCA, two principal component (PC) scores, PC1 and PC2, contributed 98% of the total variance, which were considered as highly explainable variables for the differentiation of GJS samples. GJS samples were divided into two groups-namely, GJS water extract (GJS01) and the commercial granules (GSJ02-07) by the PC1 score, which is the most crucial variable of distribution with a contribution of 90%, and then the PC2 score, which is the next most influential variable which differentiates the rest of the GJS samples into GJS02-05 and GJS06-07, contributing 8% of the total variance. Considering PC scores, GJS water extract produced in the laboratory was well separated from the commercial GJS granules, because the closer the PC scores, the closer the relationship [16] ( Figure 2 ).
HCA analysis also provided helpful results for observing the relationship between GJS samples representing a similar pattern of division to that of PCA differentiation. GJS water extract (GJS01) was the farthest separated from the commercial GJS granules at a height of around 6. The commercial GJS granules were divided into two groups, GJS02-05 and GJS06-07, at a height of around 3, which agreed with the distribution obtained by PCA. HCA can distinguishably contribute to the classification of GJS samples, mathematically differentiating similar objects into the same group [17] (Figure 3 ).
Figure 2:
Score plot of principal components (PC1 vs PC2) on the variables (contents of marker compounds) with the objectives (GJS commercial granule and water extract). PC1 and PC2 contributed 90% and 8% of the total variance, respectively. GJS01, GJS water extract produced in the laboratory; GJS02-07, GJS commercial granules from Korean manufacturers. 68 Natural Product Communications Vol. 9 (1) 2014
Kim et al. Compound  GJS01  GJS02  GJS03  GJS04  GJS05  GJS06  GJS07  Protocatechuic acid 0.030 ± 0.000 0.013 ± 0.000 0.016 ± 0.000 0.012 ± 0.000 0.004 ± 0.000 0.018 ± 0.000 0.031 ± 0.000 Chlorogenic acid 0.331 ± 0.002 0.035 ± 0.000 0.024 ± 0.000 0.032 ± 0.000 0.019 ± 0.000 0.024 ± 0.000 0.033 ± 0.000 Caffeic acid 0.120 ± 0.001 0.001 ± 0.000 0.004 ± 0.000 0.006 ± 0.000 0.005 ± 0.000 ND a 0.005 ± 0.000 Liquiritin 1.215 ± 0.026 0.094 ± 0.001 0.085 ± 0.000 0.029 ± 0.000 < LOQ b 0.166 ± 0.000 0.018 ± 0.000 Hesperidin 3.222 ± 0.057 0.595 ± 0.000 0.501 ± 0.000 0.654 ± 0.001 0.404 ± 0.001 2.239 ± 0.002 1.483 ± 0.002 Apigetrin 0.023 ± 0.001 < LOQ < LOQ < LOQ < LOQ < LOQ ND Rosmarinic acid 1.466 ± 0.019 0.100 ± 0.000 0.062 ± 0.000 0.169 ± 0.001 0.025 ± 0.001 0.080 ± 0.002 0.041 ± 0.001 Oxypeucedanin hydrate 0.341 ± 0.001 0.076 ± 0.001 0.056 ± 0.001 0.079 ± 0.001 0.037 ± 0.000 0.098 ± 0.001 0.244 ± 0.001 Byakangelicin 0.450 ± 0.003 0.051 ± 0.000 0.026 ± 0.000 0.034 ± 0.000 0.020 ± 0.000 0.068 ± 0.000 0.107 ± 0.000 Apigenin 0.029 ± 0.000 0.003 ± 0.000 0.003 ± 0.000 0.003 ± 0.000 ND 0.003 ± 0.000 0.002 ± 0.000 Glycyrrhizin 3.045 ± 0.030 0.631 ± 0.009 0.900 ± 0.005 0.713 ± 0.005 0.680 ± 0.003 0.828 ± 0.003 0.421 ± 0.003 Nobiletin 0.014 ± 0.000 ND ND ND ND ND ND 6-Gingerol 1.395 ± 0.046 ND ND ND ND ND ND a ND, not detected; b < LOQ, below the limit of quantification. The values are represented as 'average content (mg/g) ± standard deviation'. GJS01, GJS water extract produced in the laboratory; GJS02-07, GJS commercial granules from Korean manufacturers. The results indicate that the developed analytical method using HPLC-PDA was simple, rapid, inexpensive and reliable for the determination of 13 chemical compounds in GJS water extract. We also found that there was much variation in the amounts of marker compounds among GJS samples, especially between the water extract from the laboratory and commercial granules. These variations in amount are presumably ascribed to the different composition of herbal medicines found in GJS or manufacturing processes of commercial GJS granules, and consequently, different extraction efficiency of chemical marker compounds [18] [19] [20] . Therefore, a consistent manufacturing process and a well-designed procedure that more efficiently extracts the chemical compounds is strongly required for reasonable agreement of chemical compound content between commercial GJS products. 
Sample preparation of GJS water extract and commercial granules:
A mixture of herbal medicines of GJS (Table 1) was extracted with a 10-fold volume of distilled water (w/v) at 100C for 2 h under pressure (1 kgf/cm 2 ) using an electric extractor (COSMOS-660, Kyungseo Machine Co., Incheon, Korea), and then the extract was filtered through a standard sieve (no. 270, 53 m; Chunggyesangongsa, Seoul, Korea). The filtered extract was lyophilized to produce a powder.
Accurately weighed powdered GJS water extract (40 mg) and commercial GJS granules (300 mg) were dissolved in 20 mL 50% methanol and the solutions were filtered through a 0.2 m syringe filter (SmartPor ® , Woongki Science, Seoul, Korea) before injection into the HPLC system.
Preparation of standard solutions of marker compounds:
Accurately weighed standard compounds were dissolved in methanol at concentrations of 1000 g/mL to make a stock solution. Working solutions were prepared by diluting the stock solutions containing standard compounds. Diluted working solutions were used to construct calibration curves.
Chromatographic conditions:
The HPLC-PDA system comprised a Shimadzu LC-20A (Shimadzu Corporation, Kyoto, Japan) equipped with a solvent delivery unit (LC-20AT), autosampler (SIL-20AC), column oven (CTO-20A), degasser (DGU-20A 3 ), and PDA (SPD-M20A). The acquired data were processed using LabSolutions software (Ver. 5.3; Shimadzu, Japan). Separation of compounds was carried out on a Gemini C 18 column (4.6  250 mm, 5 m; Phenomenex, Torrance, CA, USA) maintained at 40C. The mobile phase consisted of water (A) and acetonitrile (B), both containing 1% acetic acid. Gradient elution of the mobile phase was applied: 5-70% (B) over 0-40 min, 70-100% (B) over 40-50 min, held for 5 min, and then re-equilibrated to 5% until the end of the analysis. The flow rate was 1.0 mL/min and the injection volume was set to 10 L. The detection wavelengths were optimized according to the maximum absorption wavelengths of the standard compounds.
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Method validation:
The intra-day and inter-day precisions were measured by analyzing sample extracts added at 3 different concentration levels of marker compounds (low, medium, and high) and represented by the RSD value. A recovery test was employed to evaluate the accuracy of the method, which involved adding 3 different concentration levels of marker compounds (low, medium, and high) to the samples, followed by extraction using the methods described above. The recovery was calculated as follows: recovery (%) = ((detected concentration -initial concentration)/spiked concentration)  100. The repeatability was calculated using 6
replicates of the solutions containing the 13 standard compounds by measuring the absolute peak area of each marker compound.
Chemometric statistical analysis:
The PCA and HCA were performed based on the rows (GJS samples) and columns (the amount of marker compounds) using open-source software R (ver. 2.15.1).
